INTRODUCTION
Wild rabbit populations in the Mallee region of Victoria have been subjected to summer epizootics of myxomatosis in most years since 1951. These epizootics varied in severity and timing depending on the occurrence of vectors and the number of rabbits surviving from the preceding breeding season but the end result was generally a population reduction of about 80% (Shepherd et al. 1978) .
The European rabbit flea Spilopsyllus cuniculi (Dale) was released in the region in 1970 (Shepherd & Edmonds, 1976) . Establishment of the flea was accompanied by a shift in myxomatosis occurrence from summer to spring (R. C. H. Shepherd & J. W. Edmonds, unpublished data) . Spring outbreaks occurred in 1973 Spring outbreaks occurred in , 1974 Spring outbreaks occurred in , 1975 Spring outbreaks occurred in and 1976 This paper reports in detail changes in the epidemiology of myxomatosis at Pine Plains in the Mallee region following the change in epizootic timing, and the changes in population structure.
ROSAMOND C. H. SHEPHERD AND J. W. EDMONDS MATERIALS AND METHODS
The methods of population estimation and rabbit collection have been described previously (Shepherd, Edmonds & Nolan, 1978) .
The occurrence of antibodies to myxoma virus was tested by the methods of Mansi (1957) or Sobey, Conolly & Adams (1966) . The ages of the rabbits were estimated by the method of Myers & Gilbert (1968) .
RESULTS AND DISCUSSION
The first significant spring outbreak of myxomatosis recorded from Pine Plains occurred in September-October 1973 during the last months of a successful breeding season which had begun in late March. It was accompanied by a decrease of about 60% in the population, an increase in mean age, and an increase in the occurrence of antibodies from about 20 to 70% of rabbits tested (Fig. 1) .
The population did not recover and remained constant at the low level into the late summer. The normal 75-80% increase in numbers with spring breeding did not occur, nor did the previously regular population reduction in the late summerautumn (Shepherd et al. 1978) .
1974 was a year of very high rainfall in the Mallee region, the highest on record at several recording stations, and there was some rabbit breeding during the late summer and early autumn in response to unusual green pastures. However, the main breeding season began in late autumn as in the previous year. Although no cases of myxomatosis were observed the increase in antibody occurrence in June suggests that myxomatosis did occur. Although breeding had been observed for 2 months no sub-adults were collected in June whereas 4% of the May collection were sub-adults. The percentage of sub-adults rose to 11% in July but dropped to 2% in August and 5% in September. The failure of more than a small number of sub-adults to appear in the population suggests that mortality was most severe in kittens before they appeared above ground.
Following this early winter myxomatosis the population increased steadily until a second outbreak of myxomatosis, in this case accompanied by diseased rabbits above ground, began in mid-September. The population drop over the next 3 months (by about 80%) despite the breeding season which continued into November, indicates the severe mortality which occurred. No sub-adult rabbits were observed to enter the population in November 1974, although the rabbits were still breeding in October.
Again in 1975 there was no indication of late summer-autumn mortality under nutritional stress. Breeding began at a very low level in the late autumn but there is no evidence of a recurrence of late autumn myxomatosis. The main breeding season did not begin until winter and sub-adult rabbits were not observed to enter the population until September.
The spring outbreak of 1975 was less severe than previous spring outbreaks. The population numbers were highest in December but did not approach the peak numbers which were recorded before the establishment of the rabbit flea. However there was a similar pattern of antibody occurrence (12%). 110-5(35) 19-6 (18) 17-1 (59) steadily. Few sub-adults were seen to enter the population in July and August but 17% of the September population were sub-adults and the proportion of subadults continued to increase until the end of the year. Unusually heavy late spring rains allowed breeding to continue into early December and the population reached the highest numbers counted since 1970 (1539 compared with 1322 in December 1970) (Shepherd et al. 1978) .
Epidemiology of myxomatosis
The increase in population from October to December was accompanied by a small increase in the percentage of rabbits with antibody and a few cases of myxomatosis were observed on each visit. The myxomatosis which occurred had little or no effect on the population increase.
The inability of the rabbit flea to spread myxomatosis through the high and largely susceptible population at this time may have been due to the comparatively low numbers of fleas present. The flea counts made during the AugustDecember period of 1976 (Table 1) show that although flea breeding accompanied the late winter rabbit breeding, the fleas did not respond to the NovemberDecember rabbit breeding and the numbers per rabbit probably dropped below the threshold numbers required to initiate and maintain an effective outbreak of myxomatosis.
In January 1977 the combination of 'trickle' myxomatosis and nutritional stress killed many young rabbits. This effect continued through February and the mean age rose steadily to peak at about 700 days in May. This pattern of age increase during the summer-autumn months of the year was similar to that of the pre-flea patterns although the peaks were usually considerably lower (Shepherd et al. 1978) .
The reasons for the failure of the fleas to maintain high numbers during the late spring and early summer of 1976 are not known. Numbers were higher during the late spring in previous years, e.g. 69-8 and 121-7 mean numbers on males and females respectively in November 1974, although the breeding conditions were apparently less favourable. Possibly the effects of the decrease in the number of pregnancies towards the end of each breeding season were accentuated by the comparatively higher ambient temperatures of early summer. It would be interesting to know whether the rabbit flea can breed successfully during the early summer in the similar climate of the Iberian Peninsula.
Field strains of myxoma virus were collected during each outbreak. There was no evidence of any change in the virulence of the field strains from the virulence
